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(54) COMBUSTION CONTROLLER FOR INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PURPOSE: To control the combustion of an internal 
combustion engine in a combustion condition where low 
NOx and combustion stability are balanced at a high 
level by calculating combustion start timing and 
combustion period based on the detected signal of a 
sensor, and controlling the ignition timing and fuel 
infection amount so that the combustion start timing and 
the combustion period meet their target. 
CONSTITUTION: This combustion controller is provided 
with a crank angle sensor 46 which detects the rotational 
angle of a crankshaft 14 in an internal combustion 
engine 2, and an in-cylinder pressure sensor 48 which 
detects the pressure of a combustion chamber 16 in the 
internal combustion engine 2. A control part 50 

calculates combustion start timing and combustion period based on the detected signals of 
the crank angle sensor 46 and the in-cylinder pressure sensor 48, and controls ignition timing 
and fuel injection amount so that the combustion start timing and the combustion period meet 
their targets respectively. It is thus possible to control the combustion of an internal 
combustion engine in a combustion condition where low NOx and combustion stability are 
balanced at a high level. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by -the use of 'this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The combustion state-control equipment of the internal combustion engine characterized by to 
have formed the crank-angle sensor which detects the angle of rotation of an internal combustion 
engine's crankshaft, to have formed the cylinder internal-pressure sensor which detects the pressure of 
said internal combustion engine's combustion chamber, and to establish the control means which 
controls ignition timing and fuel oil consumption so that a combustion initiation stage and a combustion 
period compute, respectively based on the detecting signal of said crank-angle sensor and a cylinder 
internal-pressure sensor and these combustion initiation stage and a combustion period turn into a target 
combustion initiation stage and a target combustion period, respectively. 

[Claim 2] The combustion state-control equipment of the internal combustion engine which forms the 
crank-angle sensor which detects the angle of rotation of an internal combustion engine's crankshaft, 
forms the cylinder internal-pressure sensor which detects the pressure of said internal combustion 
engine's combustion chamber, and is characterized by to establish the control means which controls 
ignition timing and fuel oil consumption so that each [ at least / at the 2 times ] combustion rate in a 
compression stroke is computed, respectively and each [ these ] combustion rate turns into a target 
combustion rate, respectively based on the detecting signal of said crank-angle sensor and a cylinder 
internal-pressure sensor. 

[Claim 3] Said control means is combustion state control equipment of the internal combustion engine 
according to claim 1 or 2 which is the control means which controls ignition timing and fuel oil 
consumption of the internal combustion engine to which the gaseous mixture of a thin air-fuel ratio is 
supplied. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to an internal combustion engine's combustion state 
control equipment which is applied to an internal combustion engine's combustion state control 
equipment, especially carries out direct detection of an internal combustion engine's combustion 
condition, can control a combustion condition the optimal, and can be controlled in the combustion 
condition which has balanced at the dimension with high low NOx and combustion stability. 
[0002] 

[Description of the Prior Art] There are some to which the gaseous mixture of a thin air-fixel ratio is 
supplied for the purpose of reduction of fuel consumption in the internal combustion engine carried in a 
car. Thus, the internal combustion engine to which the gaseous mixture of a thin air-fuel ratio is supplied 
can lessen the amount of NOx by which it is discharged that an air-fuel ratio is high (thin), as shown in 
drawing 10 . Therefore, if it carries out from reducing the discharge of NOx, as for the internal 
combustion engine to which the gaseous mixture of a thin air-fuel ratio is supplied, it is desirable to 
make the air-fuel ratio of gaseous mixture into a rarefaction (Lean) side more, and to bum it. 
[0003] As a Prior art which controls gaseous mixture to a thin air-fuel ratio for the purpose of reduction 
of such fuel consumption and an NOx discharge, the cylinder internal pressure sensor which detects the 
pressure of a combustion chamber directly is formed, and there are some which carry out feedback 
control of the air- fuel ratio with the cylinder internal pressure which this sensor detects. Moreover, as a 
Prior art controlled to a thin air-fuel ratio, a RIN mix sensor detects a thin air-fuel ratio, and there are 
some which are controlled to become a target thin air-fuel ratio. 

[0004] However, rarefaction side stable combustion limits (RIN limit) exist in a thin air-fuel ratio. For 
this reason, an internal combustion engine has the problem which cannot acquire the stable combustion 
condition, when the gaseous mixture of the thin air-fuel ratio beyond such rarefaction side stable 
combustion limits is supplied. 

[0005] Then, in order to reconcile low NOx and stabilization flammability conventionally, it is 
controlling to become a thin air-fuel ratio by the side of few **** (rich) from rarefaction side stable 
combustion limits. 

[0006] Moreover, the discharge of NOx can be decreased, so that it makes ignition timing a lag side. 
However, combustion will become unstable if an internal combustion engine makes ignition timing a lag 
side not much. As a Prior art which aims at combustion stability, there are some which are indicated by 
JP,63-97873,A by controlling ignition timing. 

[0007] The technique indicated by this official report by calculating ignition timing based on the 
cylinder internal pressure of whenever [ two crank angle / before continuing till the ignition timing in a 
compression stroke ], and generating an ignition signal based on this result of an operation The ignition 
timing in the low-load-driving region where the residual-gas rate in cylinders, such as idle operation, 
affects flammability can be controlled at the optimal ignition timing, the stability of combustion is 
acquired, and reduction of fuel consumption and an exhaust air injurious ingredient is achieved. 
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[0008] 

[Problem(s) to be Solved by the Invention] By the way, since rarefaction side stable combustion limits 
(RIN limit) exist as shown in drawing 10 in burning a thin air-fuel ratio, it is controlling to set a target 
thin air-fuel ratio to a few **** (rich) side, and to become this target thin air-fuel ratio from rarefaction 
side stable combustion limits. 

[0009] thus, the air-fuel ratio of the rarefaction side stable combustion limits as which having prepared 
allowances width of face between rarefaction side stable combustion limits and a target thin air-fUel 
ratio is determined with the magnitude of combustion fluctuation — an internal combustion engine's 
service condition, and dispersion and a fuel — it is for preventing that produce a gap in response to the 
effect of dispersion in change and the sensor of description etc., consequently an air-fuel ratio reaches 
rarefaction side stable combustion limits, and stable combustion is spoiled. 

[0010] For this reason, rather than the critical capacity value which the internal combustion engine to 
which a thin air-fuel ratio is supplied should demonstrate essentially, the discharge of the rate of said 
allowances width of face of NOx having increased, and having un-arranged [ which increases fuel 
consumption ], since the fixed allowances width of face between rarefaction side stable combustion 
limits and a target thin air-fuel ratio was conventionally prepared in consideration of said gap. 
[001 1] That is, since the thin air-fuel ratio of dark ** would be supplied only for the rate of allowances 
width of face by the rarefaction side stable combustion limits which are limitations of the capacity which 
this internal combustion engine has, the discharge of the rate of allowances width of face of NOx 
increased in the internal combustion engine to which the gaseous mixture of a thin air-fuel ratio is 
supplied, and there was un-arranging [ which increases fuel consumption ] in him. 
[0012] 

[Means for Solving the Problem] Then, in order that this invention may remove un-[ above-mentioned ] 
arranging, the crank angle sensor which detects the angle of rotation of an internal combustion engine's 
crankshaft is formed. Form the cylinder internal pressure sensor which detects the pressure of said 
internal combustion engine's combustion chamber, and a combustion initiation stage and a combustion 
period are computed based on the detecting signal of said crank angle sensor and a cylinder internal 
pressure sensor, respectively. It is characterized by establishing the control means which controls 
ignition timing and fuel oil consumption so that these combustion initiation stage and a combustion 
period turn into a target combustion initiation stage and a target combustion period, respectively. 
Moreover, the crank angle sensor which detects the angle of rotation of an internal combustion engine's 
crankshaft is formed. Form the cylinder internal pressure sensor which detects the pressure of said 
internal combustion engine's combustion chamber, and each [ at least / at the 2 times ] combustion rate 
in a compression stroke is computed based on the detecting signal of said crank angle sensor and a 
cylinder internal pressure sensor, respectively. It is characterized by establishing the control means 
which controls ignition timing and fuel oil consumption so that each [ these ] combustion rate turns into 
a target combustion rate, respectively. 
[0013] 

[Function] According to the configuration of this invention, a control means computes a combustion 
initiation stage and a combustion period based on the detecting signal of a crank angle sensor and a 
cylinder internal pressure sensor, respectively. By controlling ignition timing and fuel oil consumption 
so that these combustion initiation stage and a combustion period turn into a target combustion initiation 
stage and a target combustion period, respectively Moreover, based on the detecting signal of a crank 
angle sensor and a cylinder internal pressure sensor, each [ at least / at the 2 times ] combustion rate in a 
compression stroke is computed, respectively. By controlling ignition timing and fuel oil consumption 
so that each [ these ] combustion rate turns into a target combustion rate, respectively Direct detection of 
an internal combustion engine's combustion condition can be carried out, and a combustion condition 
can be controlled the optimal. Moreover, by carrying out direct detection of an internal combustion 
engine's combustion condition, and controlling it, correspondence relation with rarefaction side stable 
combustion limits can be made good, and further, by the ability making good correspondence relation 
with rarefaction side stable combustion limits, a target thin air-fuel ratio can be close brought according 
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to rarefaction side stable combustion limits, and can be set up. 
[0014] 

[Example] Based on a drawing, the example of this invention is explained to a detail below. Drawin g 1 - 
drawing 9 show the example of the combustion state control equipment by this invention, drawing 9 — 
setting — 2 — an internal combustion engine and 4 a cylinder block and 6 — the cylinder head and 8 — 
a piston and 10 ~ a connecting rod and 12 — for a combustion chamber and 18, as for an exhaust air port 
and 22, a suction port and 20 are [ a cylinder and 14 / a crankshaft and 16 / an inlet valve and 24 ] 
exhaust valves. 

[0015] Said internal combustion engine 2 attaches an inlet pipe 26 and an exhaust pipe 28 in the cylinder 
head 6, and is opening the inhalation-of-air path 30 and the flueway 32 for free passage in the suction 
port 18 and the exhaust air port 20. While forming the inhalation-of-air throttle valve 34, the fuel 
injection valve 36 is formed in the inhalation-of-air path 30 of an inlet pipe 26. Moreover, the internal 
combustion engine 2 has attached the ignition plug 38 in the cylinder head 6. In addition, a sign 40 is an 
ignition coil. 

[0016] This internal combustion engine 2 has formed combustion state control equipment 42. 
Combustion state control equipment 42 formed the MAP sensor 44 which detects the pressure of the 
inhalation-of-air path 30, formed the crank angle sensor 46 which detects the angle of rotation of a 
crankshaft 14, and has formed the cylinder internal pressure sensor 48 which detects the pressure of a 
combustion chamber 16. In addition, in this example, the plug seat golden type cylinder internal 
pressure sensor 48 was formed, and it has attached in the cylinder head 6 with the ignition plug 38. 
[0017] Said MAP sensor 44 and crank angle sensor 46, and the cylinder internal pressure sensor 48 are 
connected to the control means slack control section 50 of combustion state control equipment 42. 
While said fuel injection valve 36 is connected, said ignition plug 38 is connected to this control section 
50 through the ignition coil 40. 

[0018] By the detecting signal of the crank angle sensor 46 and the cylinder internal pressure sensor 48, 
said combustion state control equipment 42 controls ignition timing and fuel oil consumption by the 
control section 50 so that an internal combustion engine's 2 combustion condition becomes the optimal. 
[0019] In the 1st invention, to be shown in drawing 1 - drawing 4 , based on the detecting signal of the 
crank angle sensor 46 and the cylinder internal pressure sensor 48, a combustion initiation stage and a 
combustion period are computed, respectively, and ignition timing and fuel oil consumption are 
controlled by the control section 50 so that these combustion initiation stage and a combustion period 
turn into a target combustion initiation stage and a target combustion period, respectively. 
[0020] As it is indicated in drawing 2 as said combustion initiation stage and a combustion period, it 
considers as 10% combustion crank angle (crank angle when 10% of combustion is completed), and the 
crank angle from 10% combustion crank angle to 90% combustion crank angle (crank angle when 90% 
of combustion is completed), respectively. The target combustion initiation stage to said combustion 
initiation stage is the value of the combustion initiation stage to draw the maximum of the engine torque 
in the combustion period at that time, as shown in drawing 3 . In addition, depending on [ crank angle / 
combustion ] a setup of an internal combustion engine 2, only 5 degrees - 10 degrees of values of this 
target combustion initiation stage can be set to a lag side said 10%. Moreover, the target combustion 
period over said combustion period is the value of the combustion period in front of rarefaction side 
stable combustion limits (RIN limit), as shown in drawing 4 . 
[0021] Next, an operation of the 1st invention is explained. 

[0022] A control section 50 computes ignition timing and fuel oil consumption based on the detecting 
signal inputted from the MAP sensor 44 and the crank angle sensor 46, and it makes a fuel to output an 
ignition signal and a fuel-injection signal to an ignition coil 38 and a fuel injection valve 36 based on the 
computed value, and inject from a fuel injection valve 36 while carrying out a leaping flame to an 
ignition plug 36. 

[0023] Moreover, a control section 50 computes a combustion initiation stage and a combustion period, 
respectively based on the detecting signal inputted from the crank angle sensor 46 and the cylinder 
internal pressure sensor 48, and it controls ignition timing and fuel oil consumption so that these 
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combustion initiation stage and a combustion period turn into a target combustion initiation stage and a 
target combustion period, respectively. 

[0024] If control starts as a control section 50 is shown in drawing 1 , when it explains in full detail (step 
100), the detecting signal of a MAP and a crank angle will be inputted from the MAP sensor 44 and the 
crank angle sensor 46 (step 102), and map count (step 104) of ignition timing and fuel oil consumption 
will be carried out based on these detecting signals. This is the same as that of map count of the ignition 
timing in the usual internal combustion engine 2, and fuel oil consumption. It is the map count ignition 
timing (BTDCdegree) obtained by map count alpha 1 It carries out and is map count fuel oil 
consumption Ql It carries out. 

[0025] Subsequently, a control section 50 calculates a target combustion initiation stage and a target 
combustion period from map data (step 106). It is betam about the obtained target combustion initiation 
stage (BTDCdegree). It carries out and is gammam about a target combustion period. It carries out. 
[0026] A control section 50 is said map count ignition timing alpha 1 . And map count fuel oil 
consumption Ql Amendment (step 108) of ignition timing and fuel oil consumption is performed. 
Amendment of ignition timing is alpha=alpha 1+alphah. It carries out. Here, it is alphah. It is the amount 
of ignition timing feedback amendments. Q=Q1 xKqh performs amendment of fuel oil consumption. 
Here, Kqh is a fuel-oil-consumption feedback correction factor. Moreover, alphah And Kqh replaces 
data as alphahO=alphah and KqhO =Kqh. 

[0027] A control section 50 outputs an ignition signal and a fuel-injection signal to an ignition coil 40 
and a fuel injection valve 36 (step 1 10), and it makes a fuel inject from a fuel injection valve 36 based 
on said calculated value while carrying out a leaping flame to an ignition plug 38. 
[0028] Moreover, a control section 50 computes a combustion initiation stage and a combustion period, 
respectively, and it controls ignition timing and fuel oil consumption so that these combustion initiation 
stage and a combustion period turn into a target combustion initiation stage and a target combustion 
period, respectively. 

[0029] Said control section 50 performs count with a combustion initiation stage and a combustion 
period, and the amount of amendments. Count of a combustion initiation stage and a combustion period 
inputs a detecting signal from the crank angle sensor 46 and the cylinder internal pressure sensor 48 
(step 1 12), and calculates an actual combustion initiation stage (10% combustion crank angle) and a 
combustion period (crank angle from 10% combustion to 90% combustion) based on these signals (step 
1 14). It is betas about the measurement combustion initiation stage (BTDCdegree) to be the obtained 
actual combustion initiation stage. It is gammas about the measurement combustion period which it 
carries out and is an actual combustion period. It carries out. 

[0030] Based on the difference of the desired value (betam and gammam) and measured value (betas 
and gammas) which were obtained by said count, the amount of ignition timing amendments and a fuel- 
oil-consumption correction factor are corrected (step 116). Correction of the amount of ignition timing 
amendments is made by alphah l=alphah0+Kt x (betam+betas). Here, it is Kt. It is a multiplier used as 0 
<=Kt <=1. Moreover, correction of a fuel-oil-consumption correction factor is Kqh=Kqh0+Kq x 
(gammas/gammam). Here, it is Kq. It is a multiplier used as 0 <=Kq <=1. 

[0031] Said amount of ignition timing amendments is corrected again (step 118). By change of a fuel- 
oil-consumption correction factor, this is for a combustion initiation stage to move and corrects this part 
that moved. Correction of this amount of ignition timing amendments for the second time is made by 
alphah =alphahl-Kqtx (gammas/gammam). Here, Kqt is a multiplier used as 0 <=Kqt<=l . 
[0032] After correction returns to map count of ignition timing and fuel oil consumption (step 120). 
[0033] Thereby, feedback control of a combustion initiation stage and the combustion period is carried 
out so that a target combustion initiation stage and a target combustion period may come. 
[0034] Thus, by controlling ignition timing and fuel oil consumption so that the combustion initiation 
stage and combustion period which are computed based on the detecting signal of the crank angle sensor 
46 and the cylinder internal pressure sensor 48, respectively turn into a target combustion initiation stage 
and a target combustion period, respectively, this combustion state control equipment 42 can carry out 
direct detection of an internal combustion engine's 2 combustion condition, and can control a 
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combustion condition the optimal. For this reason, it is controllable in the combustion condition which 
has balanced at the dimension with high low NOx and combustion stability. 

[0035] Moreover, combustion state control equipment 42 can make good correspondence relation with 
rarefaction side stable combustion limits by carrying out direct detection of an internal combustion 
engine's 2 combustion condition, and controlling it. for this reason, an internal combustion engine's 2 
service condition, and dispersion and a fuel — effect of dispersion in change and the sensor of 
description etc. can be made hard to be influenced, and allowances width of face of rarefaction side 
stable combustion limits and a target thin air-fiiel ratio can be made smaller. 

[0036] Furthermore, by the ability making good correspondence relation with rarefaction side stable 
combustion limits, a target thin air-fuel ratio can be close brought according to rarefaction side stable 
combustion limits, and combustion state control equipment 42 can set it up. For this reason, a near thin 
air-fuel ratio can be supplied according to the rarefaction side stable combustion limits which are 
limitations of the capacity which the internal combustion engine 2 to which the gaseous mixture of a 
thin air-fuel ratio is supplied has, and the further reduction of fuel consumption and an NOx discharge 
can be achieved. 

[0037] In addition, since this invention can control a combustion condition the optimal, it can be applied 
not only to control of the combustion condition of the internal combustion engine 2 to which the gaseous 
mixture of a rarefaction side air-fuel ratio is supplied but to the combustion control under the operation 
situation which the combustion unstable states at the time of - knocking etc. tend to generate at the time 
of - transient operating range at the time of the cold machine of the internal combustion engine to which 
the gaseous mixture of the usual air- fuel ratio is supplied, and idle operation, and is advantageous 
practically. 

[0038] Moreover, in this example, although the combustion initiation stage was explained as a 
combustion crank angle 10%, it is not limited to this numeric value. A combustion initiation stage can 
be set as the proper value of a combustion crank angle for example, a combustion crank angle - 50% 
0%. Furthermore, it can be set as a proper value 90% from 10% combustion of a combustion period 
about the value of the crank angle 10 to combustion as well as a combustion initiation stage. 
[0039] Drawing 5 - drawing 8 show the example of the 2nd invention of combustion state control 
equipment 42. Since the configuration of the combustion state control equipment 42 in this 2nd 
invention is the same as that of drawing 9 explained in the 1st invention, it quotes and explains the same 
sign while it omits explanation of a configuration. 

[0040] In the 2nd invention, based on the detecting signal of the crank angle sensor 46 and the cylinder 
internal pressure sensor 48, each [ at least / at the 2 times ] combustion rate in a compression stroke is 
computed, respectively, and ignition timing and fuel oil consumption are controlled by the control 
section 50 so that each [ these ] combustion rate turns into a target combustion rate, respectively. 
[0041] As said combustion rate, as shown in drawing 6 , the cylinder internal pressure in the crank angle 
at the 4 time at the -d time (they are BTDC30 degree, BTDC0 degree, ATDC30 degree, and ATDC60" 
to a compression top dead center) is measured at the -c time at the -b time at the a time of arbitration, 
and the value which is equivalent to each combustion rate at the -c time at the b time of these is 
computed, for example. At these b time, the value of each combustion rate at the -c time carries out 
feedback control of ignition timing and the fuel oil consumption so that it may become a target 
combustion rate, respectively. 

[0042] It considers as the value which a combustion condition produces in rarefaction side stable 
combustion limits as a value of each target combustion rate at the -c time at said b time. As it is 
indicated in drawing 6 and drawing 7 as each [ these ] target combustion rate, it is in the condition which 
has balanced at the dimension with high low NOx and combustion stability. The combustion condition 
in rarefaction side stable combustion limits is made to reproduce by setting to this 2nd invention and 
making the value of ealch combustion rate at the -c time in agreement with the value of each target 
combustion rate at the b time, respectively. 

[0043] Here, the formula in the case of calculating the value of each combustion rate at the 2 time at the 
-c time at the b time of these is explained from the cylinder internal pressure at the said a time - d time. 
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[0044] The combustion rate UbS at the b time becomes UbS=(Pb xvbn-Pa xvan)/(Pd xvdn-Pa xvan). 
The combustion rate UcS at the c time becomes UcS=(Pc xvcn-Pa xvan)/(Pd xvdn-Pa xvan). 
[0045] volume-of-combustion-chamber vc[ in here / at the Pa :b time ] : Volume of combustion chamber 
n at the volume-of-combustion-chamber vd :d time at the c time: Polytropic index : Cylinder internal 
pressure Pb at the a time : Cylinder internal pressure Pc at the b time : Cylinder internal pressure Pd at 
the c time : Cylinder internal pressure va at the d time : Volume of combustion chamber vb at the a time 
(about 1.3) 

It comes out. However, the combustion rate at the a time is made into 0%, and the combustion rate at the 
d time is assumed to be 1 00%. 

[0046] Supplementary information of said formula is carried out by drawing 8 . a time - d time — 
polytropic change — vb up to — each [ at the time of making it change ] pressure P at the time is 
considered. 

a time -> Pab=Pa x(va/vb) nb time -> Pbb=Pb x(vb/vb) nc time -> Pcb=Pc x(vc/vb) nd time -> Pdb=Pd 
x(vd/vb) n [0047] When it thinks that the difference of Pab-Pbb-Pcb-Pdb at this time ****s to the 
difference of the amount of combustion, the amount Gab of combustion at the b time from a time The 
amount Gac of combustion at the c time from a Gab=PbbxPab=Pb N (vb/vb)-Pa Na (va/vb) time The 
amount Gad of combustion at the d time serves as Gad=PdbxPab=Pd N (vd/vb)-Pa N (va/vb) from a 
Gac=PcbxPab=Pc N (vc/vb)-Pa Na (va/vb) time. 

[0048] If the combustion rate at the a time is made into 0% and the combustion rate at the d time is 
assumed to be 100%, the combustion rate UbS at the b time will serve as UbS=Gab/Gad, and the 
combustion rate UcS at the c time will serve as UcS=Gac/Gad. 

[0049] Therefore, the combustion rate UbS at the b time becomes UbS=(Pb xvbn-Pa xvan)/(Pd xvdn-Pa 
xvan) like the above. The combustion rate UcS at the c time becomes UcS=(Pc xvcn-Pa xvan)/(Pd 
xvd</SUB>n-Pa xvan). 

[0050] Next, an operation of the 2nd invention is explained. 

[0051] A control section 50 computes ignition timing and fuel oil consumption based on the detecting 
signal inputted from the MAP sensor 44 and the crank angle sensor 46, and it makes a fuel to output an 
ignition signal and a fuel-injection signal to an ignition coil 38 and a fuel injection valve 36 based on the 
computed value, and inject from a fuel injection valve 36 while carrying out a leaping flame to an 
ignition plug 38. 

[0052] Moreover, based on the detecting signal inputted from the crank angle sensor 46 and the cylinder 
internal pressure sensor 48, a control section 50 computes each [ at least / at the 2 times ] combustion 
rate in a compression stroke, respectively, and it controls ignition timing and fuel oil consumption so 
that each [ these ] combustion rate turns into a target combustion rate, respectively. 
[0053] If control starts as a control section 50 is shown in drawing 5 , when it explains in full detail (step 
200), the detecting signal of a MAP and a crank angle will be inputted from the MAP sensor 44 and the 
crank angle sensor 46 (step 202), and map count (step 204) of ignition timing and fuel oil consumption 
will be carried out based on these detecting signals. This is the same as that of map count of the ignition 
timing in the usual internal combustion engine 2, and fuel oil consumption. It is the map count ignition 
timing (BTDCdegree) obtained by map count alpha 1 It carries out and is map count fuel oil 
consumption Ql It carries out. 

[0054] Subsequently, a control section 50 measures the cylinder internal pressure at the a time - d time, 
and calculates the value of each combustion rate at the 2 time at the -c time from map data at the b time 
of these (step 206). The target combustion rate at the obtained b time is set to Ubm, and the target 
combustion rate at the c time is set to Ucm. 

[0055] A control section 50 is said map count ignition timing alpha 1. And map count fuel oil 
consumption Ql Amendment (step 208) of ignition timing and fuel oil consumption is performed. 
Amendment of ignition timing is alpha=alpha 1+alphah. It carries out. Here, it is alphah. It is the amount 
of ignition timing feedback amendments. Q=Q1 xKqh performs amendment of fuel oil consumption. 
Here, Kqh is a fuel-oil-consumption feedback correction factor. Moreover, alphah And Kqh replaces 
data as alphah0=alphah and KqhO =Kqh. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



5/11/2006 



JP,07-042607,A [DETAILED DESCRIPTION] 



Page 7 of 8 



[0056] A control section 50 outputs an ignition signal and a fuel-injection signal to an ignition coil 40 
and a fuel injection valve 36 (step 210), and it makes a fuel inject from a fuel injection valve 36 based 
on said calculated value while carrying out a leaping flame to an ignition plug 38. 
[0057] Moreover, a control section 50 computes each combustion rate at the 2 time at the -c time, 
respectively at the b time, and it controls ignition timing and fuel oil consumption so that each [ these ] 
combustion rate turns into a target combustion rate, respectively. 

[0058] Said control section 50 performs count with a combustion rate and the amount of amendments. 
Count of a combustion rate inputs a detecting signal from the crank angle sensor 46 and the cylinder 
internal pressure sensor 48 (step 212), and calculates each actual combustion rate at the -c time based on 
these signals at the b time (step 214). The measurement combustion rate which is an actual combustion 
rate at the obtained b time is set to Ubs, and the measurement combustion rate at the c time is set to Ucs. 

[0059] Based on the difference of the desired value (Ubm, Ucm) and measured value (Ubs, Ucs) which 
were obtained by said count, the amount of ignition timing amendments and a fuel-oil-consumption 
correction factor are corrected (step 216). Correction of the amount of ignition timing amendments is 
made by alphah =alphahO+Kbtx(Ubm-Ubs)+Kctx (Ucm-Ucs). Here, Kbt is a multiplier used as Kbt>=0. 
Kct is a multiplier used as Kct<=0. Moreover, correction of a fuel-oil-consumption correction factor is 
made by Kqh=KqhO+Kbqx(Ubm-Ubs)+Kcqx (Ucm-Ucs). Here, Kbq is a multiplier used as Kbq<=0. 
Kcq is a multiplier used as Kcq>=0. 

[0060] After correction returns to map count of ignition timing and fuel oil consumption (step 218). 
[0061] Thus, combustion state-control equipment 42 compares the target combustion gestalt line 
described by the combustion gestalt line and each target combustion rate described by each combustion 
rate at the -c time at the b time, judges the stage of a combustion starting position, and the slowness and 
fastness of the rate of combustion, and as shown in drawin g 6 R>6 and drawing 7 , it carries out the 
feedback control of ignition timing and the fuel oil consumption (air-fuel ratio) so that a combustion 
gestalt line is in agreement with a target combustion gestalt line. 

[0062] To be shown in drawing 6 , when the stage of a combustion starting position is later than a target, 
it controls to speed up ignition timing. When the stage of a combustion starting position is quicker than a 
target, it controls to delay ignition timing. Moreover, to be shown in drawing 7 , when the rate of 
combustion is quicker than a target, the quantity of fuel oil consumption is decreased, an air-fuel ratio is 
Lean-ized, and it controls to make the rate of combustion late. When the rate of combustion is slower 
than a target, the quantity of fuel oil consumption is increased, an air-fuel ratio is made rich, and it 
controls to make the rate of combustion quick. 

[0063] The combustion gestalt line described by each combustion rate at the -c time at the b time can 
control by the slowness and fastness of this ignition timing, and control of the change in fuel oil 
consumption in agreement with the target combustion gestalt line described by each target combustion 
rate. 

[0064] Thereby, at the b time, feedback control of each combustion rate at the -c time is carried out so 
that it may become each target combustion rate. As it is indicated in drawin g 6 and drawing 7 as each 
[ these ] target combustion rate, it is in the condition which has balanced at the dimension with high low 
NOx and combustion stability. Therefore, the combustion condition stabilized in low NOx can be 
acquired by carrying out feedback control so that each combustion rate at the -c time may turn into each 
target combustion rate at the b time. 

[0065] Thus, the combustion state control equipment 42 of this 2nd invention can do so the same 
effectiveness as said 1st invention by being based on the detecting signal of the crank angle sensor 46 
and the cylinder internal pressure sensor 48, computing each combustion rate at the 2 time at the -c time, 
respectively at the b time, and controlling ignition timing and fuel oil consumption so that each [ these ] 
combustion rate turns into a target combustion rate, respectively. That is, direct detection of an internal 
combustion engine's 2 combustion condition can be carried out, and a combustion condition can be 
controlled the optimal. For this reason, it is controllable in the combustion condition which has balanced 
at the dimension with high low NOx and combustion stability. 
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[0066] Moreover, combustion state control equipment 42 can make good correspondence relation with 
rarefaction side stable combustion limits by carrying out direct detection of an internal combustion 
engine's 2 combustion condition, and controlling it. for this reason, an internal combustion engine's 2 
service condition, and dispersion and a fuel — effect of dispersion in change and the sensor of 
description etc. can be made hard to be influenced, and allowances width of face of rarefaction side 
stable combustion limits and a target thin air-fuel ratio can be made smaller. 

[0067] Furthermore, by the ability making good correspondence relation with rarefaction side stable 
combustion limits, a target thin air- fuel ratio can be close brought according to rarefaction side stable 
combustion limits, and combustion state control equipment 42 can set it up. For this reason, a near thin 
air-fuel ratio can be supplied according to the rarefaction side stable combustion limits which are 
limitations of the capacity which the internal combustion engine to which the gaseous mixture of a thin 
air-fuel ratio is supplied has, and the further reduction of fuel consumption and an NOx discharge can be 
achieved. 

[0068] In addition, since this invention can control a combustion condition the optimal, the combustion 
unstable states at the time of - knocking etc. occur at the time of - transient operating range at the time of 
the cold machine of the internal combustion engine to which the gaseous mixture of not only control of 
the combustion condition of the internal combustion engine 2 to which the gaseous mixture of a 
rarefaction side air-fuel ratio is supplied but the usual air-fuel ratio is supplied, and idle operation, and it 
can be applied also to the combustion control under a cheap operation situation, and is advantageous 
practically. 
[0069] 

[Effect of the Invention] Thus, according to this invention, combustion state control equipment can carry 
out direct detection of an internal combustion engine's combustion condition, and can control a 
combustion condition the optimal. For this reason, it is controllable in the combustion condition which 
has balanced at the dimension with high low NOx and combustion stability. 

[0070] Moreover, combustion state control equipment can make good correspondence relation with 
rarefaction side stable combustion limits by carrying out direct detection of an internal combustion 
engine's combustion condition, and controlling it. for this reason, an internal combustion engine's 
service condition, and dispersion and a fuel — effect of dispersion in change and the sensor of 
description etc. can be made hard to be influenced, and allowances width of face of rarefaction side 
stable combustion limits and a target thin air-fuel ratio can be made smaller. 

[0071] Furthermore, by the ability making good correspondence relation with rarefaction side stable 
combustion limits, a target thin air-fuel ratio can be close brought according to rarefaction side stable 
combustion limits, and combustion state control equipment can set it up. For this reason, a near thin air- 
fuel ratio can be supplied according to the rarefaction side stable combustion limits which are limitations 
of the capacity which the internal combustion engine to which the gaseous mixture of a thin air-fuel 
ratio is supplied has, and the further reduction of fuel consumption and an NOx discharge can be 
achieved. 

[0072] In addition, since this invention can control a combustion condition the optimal, the combustion 
unstable states at the time of - knocking etc. occur at the time of - transient operating range at the time of 
the cold machine of the internal combustion engine to which the gaseous mixture of not only control of 
the combustion condition of the internal combustion engine to which the gaseous mixture of a 
rarefaction side air-fuel ratio is supplied but the usual air- fuel ratio is supplied, and idle operation, and it 
can be applied also to the combustion control under a cheap operation situation, and is advantageous 
practically. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web _cgi_ejje 



5/11/2006 



JP,07-042607,A pESCRIPTION OF DRAWINGS] 



Page 1 of 2 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the flow chart of the control which shows the example of the 1st invention an internal 
combustion engine's combustion state control equipment. 

[Drawin g 2] It is drawing showing the relation between the combustion initiation stage by the crank 
angle and the combustion rate, and a combustion period. 

[Drawing 3] It is drawing showing the relation of the target combustion initiation stage by the 
combustion initiation stage and engine torque. 

[Drawing 4] (a) - (c) is the timing chart of an NOx discharge, combustion fluctuation, and a combustion 
period, and the timing chart (a) indicates the relation between a combustion period and an NOx 
discharge to be, the timing chart which shows the relation of the target combustion period over 
rarefaction side stable combustion limits according [ (b) ] to a combustion period and combustion 
fluctuation, and (c) are timing charts which show the relation between an air-fuel ratio and a combustion 
period. 

[Drawing 5] It is the flow chart of the control which shows the example of the 2nd invention an internal 
combustion engine's combustion state control equipment. 

[Drawing 6] It is drawing showing the target combustion rate by the air-fuel ratio of a crank angle and a 
combustion rate. 

[Drawing 7] It is drawing showing the target combustion rate by the ignition timing of a crank angle and 
a combustion rate. 

[Drawing 8] It is the P-V diagram showing cylinder internal pressure change. 

[Drawing 9] It is the outline block diagram of an internal combustion engine's combustion state control 
equipment. 

[Drawing 10] (a) - (c) is the timing chart of the conventional NOx discharge, combustion fluctuation, 

and a combustion period, and the timing chart (a) indicates the relation between an air-fuel ratio and an 

NOx discharge to be, the timing chart (b) indicates the relation between an air-fuel ratio and combustion 

fluctuation to be, and (c) are timing charts which show the relation between an air-fuel ratio and a 

combustion period. 

[Description of Notations] 

2 Internal Combustion Engine 

14 Crankshaft 

16 Combustion Chamber 

30 Inhalation-of-Air Path 

32 Flueway 

34 Inhalation-of-Air Throttle Valve 
36 Fuel Injection Valve 
38 Ignition Plug 
40 Ignition Coil 

42 Combustion State Control Equipment 
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44 MAP Sensor 

46 Crank Angle Sensor 

48 Cylinder Internal Pressure Sensor 

50 Control Section 
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DRAWINGS 




[Drawing 3] 




ATDC — 1 TDC — BTDC 



[Drawing 1] 
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a Pab = Pa x (lr a /v b ) n 
b — Pbb = Pb x (Vb/Vb) n 

C -~ Pcb = Pc X (Vc/Vb)" 

d — Pdb = PdX (Vd/Vb) n 

c©<!:s©Pab , Pbb , Pcb , Pdb z>mm&nv>mcmfc 

a*Xt>b©«jtt: Gab =Pbb -Pab = Pb (Vb/Vb ) n -Pa (Va/IA,)" 
afr£c(D$!&* : Gac =Pcb "Pab =Pc (Vc/Vb ) n ~Pa (Va /1/b ) n 
a3&xt>d<Z)^S : Gad =Pdb -Pab =Pd (Vd/Vb) n -Pa (Va/Vb) n 

bj50»ttffl£: Ubs = Gab /Gad 
Cj5W>flWB*&: Ucs = Gac /Gad 
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PURPOSE: To control the combustion of an internal 
combustion engine in a combustion condition where low 
IMO x and combustion stability are balanced at a high 
level by calculating combustion start timing and 
combustion period based on the detected signal of a 
sensor, and controlling the ignition timing and fuel 
infection amount so that the combustion start timing and 
the combustion period meet their target 

CONSTITUTION: This combustion controller is provided 
with a cran k ang le sensor 46 which detects the 
rotational angle of a crankshaft 14 in an internal 
combustion engine 2. and an in-cyOnder pressure sensor 
48 which detects the pressure of a combustion chamber 
16 in the internal combustion engine Z A control part 
50 calculates combustion start timing and combustion 
period based on the detected signals of the crank angle 
sensor 46 and the in-cylinder pressure sensor 48, and 
controls ignition timing and fuel injection amount so 
that the combustion start timing and the combustion 
period meet their targets respectively. It is thus 
possible to control the combustion of an internal 



combustion engine in a combustion condition where low 
NO x and combustion stability are balanced at a high level. 
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jEMRVtimmmmffiiEm&zmiE (xr-^i 16) 40 

tZ> o gMmmiEMomiElZ . a hl= a h0+ K t x 
((8m +<3s ) {C<fc9t? , 5. CCT, Kt 0 ^Kt 
^ 1 t&5«T*S. *»*«!i«ffiiIE<*i!<©#l 
iE«. Kqh=Kqh0 +Kq x (rs/rm ) . CCt, 
Kq 0 £Kq £ 1 £&S£6£SrC&&. 

[0031] m&&'XmmffiiEmzum.miE (xt^ 

118) f6. Cn«, ^«W*«liE^<D^b{Ccfc 
it. ah =ahl-Kqtx (rs/rm ) KJ:*)tT5. C 50 
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C-C. Kqttt. O^Kqt^ l£&£<&$SrCifc.5>„ 
[0032] fl£iEf£tt> .^»MjP««l07 9 

:TOJ9UCK& 20) . 

[ 0 0 3 3 ] C ftfc<fc 0 . 

«. S««K^^WS^B««!l«SWH{c«: * J: 5K7 

[0 0 34] C©Jr9tC> C©j&j&t*miJ®J*tg4 2 
«, ^7>^ft-fe>-y-4 6SO*fgfF'lBE^;-fe>1f4 8©& 

W{t#«c»-5*** mas n^K^M^RviiisjRn 

5 te j^B^omftttKM OP? 5 C £ (C J: 0 . ft 

j^M2©j^t«m%ia^tet-c, j8s*sfW]»%«ja(c 

[oo35]jfc. mm^mmms:4 2 «, 

2 ©*^t*;ss^ ias^a 0 l- r ^ 5 c i «c cfc 0 . 

tS. C<Dtc#>. F l 3j^tSM2©3l^^(i6o^ • jg* 

[0036] s ecc, MMimwmmm.4: 2 #smpj 
mci*5-et5. c<Dtab, mtgMttom&MZ: 

[0037] ftte, C©^«« ^t^^SSfCffjaJ 
m©S^*^3n-5rti^tSM©^^T'(' K;U 

[0038] s/c. zvmmmicis^xiz, nmrnt^m 
m* i o%mtei> ; ?>i>fttu~cmmstci)\ c<m.m 

o % j^i ^ 9 > i>n ~ 5 o * 9 > i» ft <Dm&<Dm 
tcss-rsc£*i-c#s„ 365c. ^jwra©io%t?s 

jSfei>69 0%lii:tOi'7>i'ftl 0Ofltcr)t,>t 
fe. jg^^^JWilBl^K:. jag©fiiiCg:^-r-SC<!:*i 

[ 0 0 3 9 ] M 5 ~0 8 », «S«&K»iW8Pti«4 2 ©^ 
2^©ie*S0!l ; fe^-r4>©-C*^ o C©^2^(cfcW 
4«S«SttSS8KlSPSgB4 2©^fiS« > ^ H&9KC«5l»rtt 

B^L/da9ipi— t?*^©-c. «fig©^^ag-r*i 
[0 04 0] m2&mc*n,*xi*. fflmmboicj:-? 



(5) 

7 

mmmcmiasmn e#©4>& < <t *> 2 

[004 1 ] Mie^^i LTtt. MX.». 06 (C^ 
"TAP < . ffim<D a B# M • b B&£ • c m £ • d B$.&© 4 B# 
,£<D * 5 > <JBt_k5E*K:*f l/C. B T DC 3 0 " 

• BTDC 0" • ATDC30' -ATDC60* )(C 
teW -50l*JlKJ*:i1-«'J L> C n 6® 5 *>© b BfcS • c B# 10 

warra. 

C o o 4 2 ] Htrtebi^* • c(^*{c*j^€.#s#*^fii 
-c^DSffli-r^. ctno&mmnmm& tit. m6 • 

it. bB$* • cm&lc*sV2>&Mm®ei<DmZ5k*&m 20 
[0 043] CCt?. Mia a B$*~ d B&tCfet* Sfgfrt 

jB^e, cne>©-5*i©bB#.£ • cb$*<d2i^*{c*j 

[0044] b B&&(CfcW£j$j&td^UbStt, UbS= 
(P b Xv„"-P, xv,')/(P ( x v< , n -P. x v 
.") i&S,, c^F*CC*5WSMMSd^UcS«, Ucs= 

(P t xv.'-P, Xv,")/(P d XV/-P, Xv 
.") £&-5„ 30 

[0 045] CCt?, 
P. : aB$*tC*sW£fi?il*iJE2> 
P b : b^F*«:*J^SjgfrtBE^ 
Pc : cB#*(C4BW£f!5rtByj 
P< : dB#*K43tf.5fifJ[*JlEfr 

v. : zmm&mm 

v b : bB#*{C*j^^j^SSS 

n : tfU t-P-:/*g£fc (iftl. 3) 40 

fc/cU aB#.£K:teWSj^id^ttO%,!:U 
dB**(C*iWS*^S!l^tt 1 0 0%£<SD£irS. 
[0046] iitjlE5£*0 8 (C«fc 9 tiSgiBJ-r S. a 

aB&5 - P, b =P. x (v. /v b ) " 
bl*j£ - P bb =P b x (v b /v b ) - 
cB$* - P tb =P c x ( Vt /v„ ) ■ 
dB&5 -» P,, b =P d X (v, /v b ) " 
[0 04 7] C©i#©P. b • P bb • P tb • P db ©^ 50 
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l$$fcfiG„ b l£. 

G, l = P tt xp„=p t (v b /v b )"-P. (v. 
/v b ) " 

a m&tr> h c &f&<Dmm&G. , ». 

G. t = P cb xP„ b =P c (v c /v b )"-P. (v. 
/v„ ) " 

a 6 d B#*<Dj8S«SG. d 

G.^P.^XP,^ P„ (v 4 /v„ ) " - P. (v. 

/v b ) " 

[0 04 8 ] a^KfeWSj^fdl^O^iU dB# 

j*uc*»w zmmm-is* 1 o o % t um-rz t . b i%&cc 

£(C:teW&*$&ii|-&UcStt > UcS=G. c /G. <1 <h&£. 
[0049] ioT, mffB©iD< . b B$j& 
SJ^UbSi*, UbS= (P b x Vb "-P, x v .")/(P 
d x Va "-P. xv.") cB$*{c*j^Sj^SU 
^UcSfcJ^ UcS= (P c x Vc n -P, x Vl ')/(P ( 
XV/-P, xv.") Lt£&. 

[0050] Aicmzgmwmzmji-fz. 

[0 05 1 ] *)JtaigB5 0«> ®^EE^i2>-9-4 4£^7 

#ac«»H"«w«#*ja^c3 * 3 8 mfmnmmfr 3 
««t#3 6^e»m^«*ts-ars. 

[0 052] */c. SHJiSJg|S5 Ofcfc. i'5>i'ft-fe>1t-4 
6 £tgfrtJI^-fe>-9-4 8 t3iP6A^tS^fflfi^4iK 

* urn l . c n ^ gsj^j^sa^fc^ s 

[0 05 3] Sfj^TSi. *fJSJgP5 0«. @5(C^TAn 
^42>-9"4 4 £ > ^ft42>-9-4 6 £^P.K^H^7R 

re 2 {c*jw z&xmMRuimmMm<D'7 * ^tf-^i isi 

(BTDC* ) £<*1 £L. v 9 ^ff«»S«««*Q 
1 £TS. 

[0 054] ^^f. $U®JSP5 0 it. aB$i£~dB$.c5{C 

ff-gt (Xf-^206) ?Z e ff 6n/cbB$*(cfcW^ 
a#j^SH^* U bmt 0 . c ft&tC fe W @«j8S^SlI^ 
*Ucm<b-r-2>. 

[0055] *IJ(aJgP5 0 W v Mta^ ^ ^it#^CB$»Ja 

1 SO'-? y 7-ff-^l4i!S*ffiQi ic<t:K>*'xmmj&vm 



9 

wmm&coffijE v-fz o 8 ) *tT ^« &k.mi<D 

ffljE«> a = al +orh {C<fcfm5. CCt, ah«, 

iE«. Q=Ql XKqhiCjc^f CCt, Kqhtt. ft 
fWI«7<-K'<? *fc. ahS 

O'KqW*. ahO=ah, KqhO = Kqh£ 0"C, %<D 

[0056] fflffl$H5 0 ». ffl£lft|t3tlfcfB€£t<:. 

[0057] SHJ8Pa55 0 «. bB&S • cB$*<D2 

[0058] m«H»S5 Ott. j8^SJ^<b*liE«i© 

<tfi5F*5EE2>-fe>1*-4 8 £*>61fcffl«^£A;*J 7' 
2 12) U Cft6©&#«3StCbll&&- cttj&tcbtt 

b *3IBS©«S#«lte-ca S»J^«!S«I«I 

[0059] ttlBff*«:J: 9&5tift:S*fB (Ubm. U 
an) iiffj^fii (Ubs. Ucs) 4©2fc*««C, J&AcB$»MS 

-T£„ ,£AI88MiiEfi©*£E«. ah = aho+Kbtx 
(Ubm-Ubs) +Kctx (Ucm-Ucs) {CtOffS. C 
Ct, Kbt«. Kbt^0 4&i^»T*S. Kct«. K 
ct£0£tt*«ttr*3. Sfc. JfttMaw^ffift© 
^iEB, Kqh=KqhO + KbqX (Ubm-Ubs) + KcqX 
(Ucm-Ucs) KJ; Off 5. CCt, Kbq«, Kbq^O 
Kcq«. Kcq^0i>5:€,^!r* 

[0060] <we«». d&Rm&z»mmmm<Dv » 

[006 1] c©J: 5 CC jKtttfimHtlffiKB4 2 {*« 0 
6 • H7 ICTritCt < . b BfcS • c^tC«)i^#M 

B©B#J«£j|^jS&©aM£*¥iJltfU «»«^«8«l*«B 

[ 0 0 6 2 ] m 6 it^-f $n < . jK^*gffia.©mvs 
«:•«&**-*. a7(c^-r*p 



(6) ^P8¥7-42 60 7 

10 

j8SKiiS**B«J:»)*>au«^«. ft*«*f 

[006 3] c <D&'X®M(DMmRvtmmmm.<Dt%m 
©m»cc £ o . b mm • c s#ft«E»i^fc j: 

[ 0 0 6 4 ] C tllC J: K) . b • c B&tcirt* -SSft 

$u©sn^„ cne>^e^jKs«i«!i^<b«, 06 -S7cc 

fcW SSft«EfD^*^S«j^f(I^(c .5 J; -5 k 7 ^ - 

[0065] coct^tc. t<Dm2ftw<Dmmmuw 

SSS4 2W:. ^7>^ft-fe>^4 6SO : |giF«3E^7-fe>f- 

4 8 (D&mm^iicm-rfz b • c m*<D 2 iMtcfcw 

-r£C£(Cj;i3. fjfe^l^<i:|5|fil©^**^-SC 

[0066]^ ft^muiai^g4 2 », pwmrn 
2 ©ft^^ai^iiL^a ur$ijp ur t>s c itc j; 0 . 

««flPMft^|iBI? £ ©*tJCSBB^*ft»<!: T -5 C £ ^"C 
30 C©/^. rtfttSM2©a^^«6o# -ft 

*4tttt©^t- i2>-9-©«6o#^^»«rS^li< U 

[0067] s ft«^$ij«iP^S4 2 mzm 

^TSCimS. C©fc». ««^ftJ:b©M^* 
40 flSO-NOxiffliOS64SISi^fcU#5. 

[0068] ^cfc. c©^«. tmimzmMicfflw 

•rSCi^-C^-S©^. #WflPJ^ftJ:b©®^*^J&$ 

nsp«9fttaM2©ft«Ei^8©M®©^%6-r. as©^ 

«IEB# - ®Sil^^B$ • ^ * *>^KNS©*!$l^3c£ 
t^©«*L.^^jlte^TtC*j^SftMftflp{c fcJiffl 

uf#r» Hffl±wfij-e*s. 

[0069] 

[^©JSO*] COJ^tc. C©«W(cj:n«. ft«E« 

50 mw«»eh«. ft%!imm<DMMVii&zm.mvimLT:> m 
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C 0 0 7 0 ] *fc. JjRftH*fl^SW;>:. rtj^MOj^ 
[0 07 1 ] 36tC. ll^t^#J8P&Htt> #»PJ3c?g 

z ft srti^iwcDW-r ■s#i^<disi?-c& -si&wwj^jii 

[0072] &*s v COHWtt, jB$&t#8£S®K:f|HJiSJ 

n-5F»9^M<Dj^^o$ijfflKD*/j:6r t rnmomm 20 

imam, u ^mMmuTica w &«BsaH»«: fefiffl u 
ire, Hffl±w«T?&-5. 
[0ffi©iSW<ci&Bjj] 

[0 1 ] rt«^B8<D««^S^^S©» 1 fPJ©|l|«6 

[02] * ^ > zmtm&m^ t cc«t ^mmmmmsL 

[0 3 ] J!RM&l$tt&«MHI h * f i {CJ: £ 30 

[04] (a) ~ (c) KNOxmmmtmtmsbtm 



k <c) it^mttmmmmt<Dm^m-m^z> 

[05] rt^M©mj^S§$iJ{SP^S©m 2 ft9f eg** 

[06] 9 5>*ntm&m&t<D&m&tc**mmm 

[07] ^7>^«ij^fl]^i©^B#»jK<fc€>@^ 

[08] tSrtH^^b^t-p-v^r^So 
[09] rt«S8IM©«!(^fi8fiJ^g©1llBS^0-C* 

•5. 

[010] (a)-(c)BS»ONOxili)IilSI 
^»£^JWRfl<h©#^S>^i>--hr&f3> (a) 

iz&mib t n o x m mm t ©w&^t $ a s > ^ * 

-K (b) W^itij^«E^ibi©M^^^^3 

>^**-k ( c ) tt^**tt i j^wra t (omm*™ 

2 rtttMK 

1 4 ^ > ^# 
1 6 

3 0 ©SWISS 
3 2 Sf*iiHS 

3 4 8*MSg9# 

3 6 tmmmfi 

3 8 M^i' 

4 0 ifeksi-OP 

4 2 j$&tfc18»J^K 

4 4 K«JE*J-fe>1f 

46 ^^>^ft-fe>1f 

4 8 fgfrtE^H2>-9- 

5 0 fflffiPSB 
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1 00 
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«rtga Aa 
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[08] 



P 



I 




St"feoT^ott$(J)ff^$#x5 

a Pab = Pa x (lr a /Vb) n 
b — Pbb = Pb x (Vb/Vb) n 

C -~ Pcb = Pc X (Ve/Vb) n 

d — » Pdb = PdX (V d /ir b ) n 

c(o«t$©pab, Pbb, Pcb, Pdb tomm&mnmizmfc 

a^bbO^jftS: Gab =Pbb -Pab =Pb (V b /Vb) n -Pa (V a /Vb) n 
a *\fc> C <0$&fi : Gac =Pcb -Pab =Pc (Vc/Vb) n -Pa (Va /Vb ) n 
a*%6)dO«|«i : Gad =Pdb -Pab =Pd (Vd/Vb) n -Pa (Va/f b ) n 

b£tf>J&j»&: Ubs = Gab /Gad 
c jjtoiiftjKgfc : Uc« = Gac /Gad 
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